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Abstract 
Prioritising highway infrastructure investment schemes is a major problem faced by the road agencies.  Often the authorities 
will have substantial schemes to select from, pressure on resources and public demand for a transparent and consistent ranking 
process.  As transport investments are usually long lasting and costly, decision makers require reliable and logical appraisal 
methods. A scientific prioritisation methodology to identify the deserving highways for improvement, from an extensive road 
network serving an entire state is presented here.  The method has been evolved by reviewing various literature available in 
conjunction with the specific project requirements.  Multi Criteria Analysis (MCA) approach identified as the most preferred 
one for the study as it can link highway infrastructure investments to project necessity, economic development, sustainability, 
compatibility, etc.  The content of this paper forms part of the investment proposals recommended for the “State Road 
Improvement Project, 2012” for a state in India.   The objective of the study was to shortlist about 1000kms of roads for 
improvement from a master list of 4560kms, spread over the entire state which included  84 stretches of state highways (1930 
kms) and 280 stretches of major district roads (2630 kms). A two stage approach was employed for the prioritization exercise.  
The extent of linkages each road stretch offers to the growth centres was considered in the first stage and this exercise resulted 
in prioritization of about 2500 kms (140 nos.).  Stage II focused on finalization of composite index, consisting of seven 
indices reflecting the importance of the road in the regional network, regional context and environmental and social issues due 
to the project. A frequency distribution was plotted using the score and the roads with the score above the mean value were 
selected.  Investment schemes were broadly classified into three categories and contiguous road stretches were grouped 
together to result in seven packages. Economic and financial analysis along with the funding options was recommended for 
each package.  
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1. Introduction 
Road infrastructure is the backbone for any region’s economic development.  No succinct manual is available 
to help government agencies in prioritizing the road infrastructure investment needs.  These investments are 
usually long lasting, practically irreversible and costly.  Hence road administrators should resort to an efficient 
and innovative prioritisation technique to ensure that the projects undertaken are significant and that the most 
effective utilisation of resources takes place. A scientific prioritisation methodology arrived at for investments in 
road infrastructure forms the subject of this paper.  
2. Background 
The content of this paper forms part of the investment proposals recommended for the “State Road 
Improvement Project, 2012” for a state in India.  The state has a road density of 417 km/ 100 sq km and offers a 
road network of 509 km per one lakh population. Its  highways i.e. State highways (SH’s) and Major District 
Roads (MDR’s) carry more than 75% of the total traffic, but not maintained to standards due to budgetary 
constraints.  Lack of proper maintenance had deteriorated many roads badly, adversely affecting the riding 
quality and safety and increased air pollution. In order to address these issues, in 2012, the road agency has 
launched a massive program, ie; the State Road Improvement Project (SRIP), aimed at the development of an 
excellent state- of- the art road network. This program aimed at prioritizing about 1000kms of roads to be 
selected for improvement from a pre-selected master list of 4560kms, covering all the districts of the state.  The 
master list had 84 stretches of state highways (SHs), totaling to 1932 kms and 280 stretches of major district 
roads (MDRs) totaling to 2628 kms. The summary of master list of roads is presented in Figure 1(a) and (b). 
 
 
 
 
 
Fig. 1 Summary of Master List: (a) Road length and (b) No. of roads 
3. Literature Review 
Most of the literature review was carried out online.  Various prioritization methods adopted for large scale 
highway investment plans were studied and its limitations identified. The easiest and less time consuming 
prioritization process is through Subjective means.  In this, the decision is made by a broad group of local 
community representatives by using their own collectively defined criteria to determine the most important roads 
in order of importance from the main road network.  Two case studies with this approach are presented here. The 
first one is the Western Uganda Road Maintenance Capacity Building Project (Jo Leyland, 2002), short sub-
county Community Access Road maintenance programme for 30000kms of roads in 2001.  Followed by the 
initial discussions, at a workshop with about 60 local leaders and representatives, all the roads were listed with 
their lengths and the participants then collectively determined the criteria for judging the importance of the roads 
(access to farmers/farms, bad/impassable road, access to schools, size of population served and links to 
administrative centres).    
 
Similar methodology was adopted for the UNCDF/UNDP District and Feeder Roads Project (DFRP) 
Tanzania-2000. During the project’s ‘S’, stakeholders were given a chance to participate in the decision-making 
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process of selection of the roads for rehabilitation.  The criteria for ranking were pre-determined and based on 
economic, social and technical aspects.  Points were given for number of villages served by the road, schools, 
health centres, markets, industries and areas of high agricultural potential, the latter three scoring two points each.  
Scores were given for the passability of the road, availability of laterite, requirement for major structures, 
difficult sections and availability of labour.  The totals were summed and then divided by the road lengths to give 
an average ranking score.   
 
The above methodology, since more subjective, could be biased by the perception of the people judging.  It 
also lacks technical assessment.  For major road investments, this approach does not guarantee fair and unbiased 
decision making and hence not considered appropriate for the present work.  Other common methods are a) Cost 
Benefit Analysis (CBA) b) Producer Surplus Approach c) Multi-criteria Analysis.  
 
In Cost–Benefit analysis, an assessment of all the costs and benefits of projects are considered which seeks to 
value the expected impacts of a project in monetary terms (Mishan, E.J., 1988).  Benefits include those which can 
be expressed in monetary terms, the most important being vehicle operating cost, travel time savings and accident 
reduction. The limitation of this method for employing as a decision-making tool is due to its exclusive focus on 
economic efficiency. Environment and community impacts, transport factors driving non-travel productivity gain 
etc. are not quantified.  As CBA renders only a partial answer to the investment benefits, decision makers will be 
left with a dilemma. This approach is not selected, as the project list had many rural road sections with less traffic 
volumes.   For low volume roads, the benefits may be generally too small to justify the investments. There are 
many other socio-economic benefits that accrue with the rural road development.   These are benefits pertaining 
to the increase in economic activity in terms of connectivity, accessibility, boost in regional growth etc., but this 
method is weak in evaluating those.   
 
Producer Surplus Approach is a modification of the above method, wherein the benefit on road investments is 
directly related to the benefits on road investments plus investments on agriculture, forestry, irrigation, etc. This 
was pioneered by the World Bank more than three decades ago. This methodology is based on the logic that in 
the absence of good roads, the isolated community may  produce  just the quantity needed for its consumption 
because the transport costs are so high for  the people to find it remunerative enough to take it to the market and 
sell it at the prevailing market price. Once the connectivity increase, the production increase as there is better 
access to market and also the farmer may diversify his agricultural operations, shifting from the traditional food 
crops under subsistence farming to more remunerative crops.  This approach has been used in many road 
investment studies in India (Dr. L.R. Kadiyali, Dr. N.B. Lal & Rakesh Sati, 2006).  As discussed, this method is 
more apt for decision making on rural road investments and as the project list had almost equal share of both 
urban and rural road stretches to be selected for improvement, this method is not considered ideal. 
 
A method that combines the benefits of both the above was considered appropriate for the study.  Multi 
Criteria Analysis (MCA) appraisal framework combines the above two types of analysis by adopting an overall 
multi-criterion approach with economic efficiency (optimal allocation of resources), equity (impact distribution 
aspects), sustainability (environmental considerations) and compatibility (alignment with community goals and 
objectives, and other strategic initiatives) as decision criteria.  This approach is capable of facilitating project 
ranking in a multi-objective decision making environment, but needs to be customized first to accurately reflect 
local conditions (I.C. Schutte & A. Brits, 2012; Gilberto Montibeller and Alberto Franco, 2010). This ensured a 
usable protocol for the appraisal of this type of transport infrastructure project in an essentially multi-criterion 
decision-making environment. 
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Various methods of multi-criteria analysis are available (DTLR multi-criteria analysis manual, 2001) covering 
a wide range of quite distinct approaches. Manual has described and explained the practical techniques, and 
indicates the types of application in which they may be used. Some kinds of MCA do not offer much help for 
practical decision taking, but some can be of considerable value. All MCA approaches make the options and their 
contribution to the different criteria explicit and all require the exercise of judgment. They differ however in how 
they combine the data.  Formal MCA techniques usually provide an explicit relative weighting system for the 
different criteria. The main role of the techniques is to deal with the difficulties that human decision-makers have 
been shown to have in handling large amount of complex information in a consistent way. MCA techniques can 
be used to identify a single most preferred option, to rank options, to short-list a limited number of options for 
subsequent detailed appraisal, or simply to distinguish acceptable from unacceptable possibilities. 
 
Based on the extensive review, an optimal multi criteria decision making method was found appropriate for 
the present study.  While selecting this method, it was also kept in mind that the key feature of MCA is its 
emphasis on the judgment of the decision making team, in establishing objectives and criteria, estimating relative 
importance weights and, to some extent, in judging the contribution of each option to each performance criterion. 
The subjectivity that pervades this can be a matter of concern.  
4. Methodology  
While CBA analysis is weak in capturing indirect benefits, Producer surplus approach is more apt for rural 
roads. Both these methods cannot absorb other factors like environmental or impacts in regional economy. MCA 
approach can link highway infrastructure investments to project necessity, economic development, sustainability, 
compatibility etc. and hence identified as the most preferred one for the study.  Based on this approach, the 
criteria identified for the prioritization of the roads are; 
 
 Its linkage to growth centers or settlements 
 Connectivity with respect to interstate/inter district/ National Highways/State Highways/Transport terminals.  
 To what extent the road stretch is providing access to industry/SEZ/ fishing/agriculture/ tourist/ 
religious/heritage places 
 Connectivity to economically backward areas.   
 Traffic volume and share of commercial vehicles which reflects the economic and financial aspects of the 
region  
 Environmental and social issues for implementation.  
 
A two stage approach was employed which is presented in Figure 2.   
 
 
 
 
 
 
 
 
 
 
                                    Fig. 2: Study Process 
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5. Secondary Data Collection 
The following secondary data has been collected as part of the study: 
 
 GIS map of state road network of state consisting of NHs, SHs, MDRs and other roads 
 Details of committed/sanctioned road projects by the Government 
 List of  Census towns (Census class I to V)  in the state as per Census- 2001 
 Transport terminals (land - road and railway, sea and air) 
 Tourist/heritage/religious places  
 Socially Backward areas and backward community habitations in the state (Directorate of Scheduled Tribes 
Development Department) 
 List of industries (Economic Review, State Government) 
 
The two stage approach formulated, wherein stage I was focused on screening fifty percent of the road 
stretches (2640kms) from the master list of 4560 kms. The extent of connectivity each road offers to the 
settlements was taken as the main criteria for the Stage 1 screening. This exercise resulted in prioritization of 
2640kms or 143 no. of road stretches for Stage II (reference to Figure 3).  
 
 
 
 
 
Fig. 3 Summary of Stage II roads (a) Road length and (b) No. of roads 
Appropriate indices were formulated for the second stage of prioritization.  Various primary surveys were 
carried for the candidate road stretches of stage II, to estimate the score value. 
6. Primary Data Collection 
The primary surveys included traffic surveys, network inventory and collection of environmental and social 
features of the roads.  These are: 
 
 Volume counts to obtain average traffic and commercial vehicle traffic  
 Origin- Destination surveys (O-D surveys) indicates the role of the stretch in linking various regions 
 Average journey speed and  
 Road Inventory and Condition Surveys 
 
Network inventory conducted by riding on the roads and details like road classification, road condition, 
condition of cross drainage works, junction types, pavement and shoulder features, drainage type, terrain type, 
abutting land use, etc. were collected. 
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7. Development of Indices 
Seven indices were calculated for each road.  These are:  
 Growth priority index 
 Connectivity index 
 Accessibility index 
 Backwardness index 
 Road utilisation index 
 Commercial vehicle density index 
 Environmental and social index 
Growth priority Index  
Growth centers are central places that transmit growth impulses to the hinterland and the urban settlements 
vary in size. The classification adopted by the Census Department under Class I, II, III, IV and V towns (Class I: 
Population>0.1 Million, Class II: 0.1 Million < Population> 0.05 Million, Class III: 0.05 Million < Population> 
0.02 Million, Class IV: 0.02 l Million < Population> 0.01 Million, Class V: 0.01 Million < Population> 0.005 
Million) are adopted. Growth priority index relates to the number and importance of growth centers connected by 
the selected road. The growth centers were categorized into three groups and the scores assigned are 1.0, 0.5 and 
0.25 respectively for connectivity to Class 1, Class II and Class (III, IV & V) combined together. The score was 
normalized by dividing with the maximum number of growth centers in each category. 
Connectivity Index  
This index relates to interstate/inters district/transport terminal connectivity. Five types of connectivity which 
the listed roads offer is considered and these are:   
 Interstate/Inter district 
 NH/SH/and other committed and on-going highway  projects in the state 
 Airport 
 Seaport 
 Railway Terminals 
 
The scores given for the first three parameters is ‘1’, if  the given road fulfills these connectivity, while it is 
assigned values between ‘1’ and ‘0’ (major, minor and nil) for the last two parameters. 
Accessibility Index 
This index measures the extent of accessibility the road offers to various industry/SEZ/Fishing, Tourist / 
religious / heritage places.  The index is derived by combining two components i.e accessibility to (1) 
Industry/SEZ/Fishing and (2) Tourist/Religious / Heritage centers considered separately, but with equal weights 
and later adding the two. For the analysis, a score of one is assigned if the road offers accessibility to tourist / 
religious / heritage centers having international/national importance and for the remaining areas a score of ‘0.5’. 
The industries/SEZs of Central/State Govt. Public Sector Units, Certified Industrial estates and growth centers 
identified and the notified by Central and state Governments are considered as major industries (score ‘1’).  If the 
roads give access to small scale/isolated industries the score given is ‘0.5’. 
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 Backwardness Index  
The index offers importance to developing economically backward areas and was assigned a score of ‘1’, if 
the road connects to such areas, else ‘.  
Road utilization index 
The volume to capacity (V/C) ratio is termed as the road utilization index, where, V is the Average Annual 
Daily Traffic estimated from volume count surveys and C is the Design Service Volume (DSV) of traffic at Level 
of Service B.  The DSV is adopted as per IRC- 64, 1990.  Since the roads do not have standard carriageway  
width throughout, if more than 50% of the selected road width < 3.75m, it is considered as single lane, if it is 
between 3.75m and 5.5m, considered as intermediate lane and > 5.5m, as two lane (as per Indian Road Code).  
The (V/C) ratio was varying mainly between 0.5 and 1.5 and the adopted scores are 0.25 for (V/C) < 0.5, for 
(V/C) 0.5- 1.0 a score of 0.5 was assigned. 0.75 and 1.0 are the scores assigned if the  (V/C) is 1.0-1.5 and >1.5 
respectively. 
Commercial vehicle density Index 
The share of commercial vehicles in the overall traffic stream is used as the index.  The share of commercial 
vehicle is an indirect indication of the contribution of the road to the economic development.  If the commercial 
vehicle index is high, the road has a role to play in the region’s economy. The categorisation is made according to 
the observed share from the traffic volume count. The share was varying upto 20% and the score was assigned as 
0.25, 0.50, 0.75 and 1.0 for a share of <5%, 5%- 10%, 10%- 15% and >15% respectively. 
 Environmental and Social Index 
 Inventory on environmental and social aspects of the projects was assessed. Environmental and social indices 
are developed separately and then combined by assigning equal weights for both. Environmental Index has been 
derived classifying the roads under three categories. The categorization is adopted from ‘Environmental Zoning’ 
map of the state by classifying the entire state into three zones as ‘non- sensitive zone’, ‘moderately sensitive’ 
and ‘sensitive zones’ according to the environmental aspects.  The ‘Environmental zoning map’ has been 
prepared and the selected road stretches were mapped on it to identify the zone in which it falls.  The index is 
calculated as:    
 
 Score of 1.0 for ‘Category A’ road (Corridor falling entirely in the non sensitive zone): Requires no 
environmental studies and project can be implemented with necessary construction safeguards. 
 Score of 0.5 for ‘Category B’ road (Corridor falling entirely or partially in the moderately sensitive zone: 
Requires Rapid Environmental Impact Assessment (REIA) and appropriate Environmental Management 
Plan (EMP) to be integrated with engineering design and during construction. 
 Score of 0.0 for ‘Category C’ roads: Corridor falling entirely or partially in the sensitive zone): Requires 
detailed Environmental Impact Assessment (EIA) studies and appropriate clearances from statutory agencies 
like Ministry of Environment and Forest (MoEF), Pollution Control Board (PCB), etc. 
 
Social index was developed based on site reconnaissance of the social aspects. Rads were categorized into 
three groups and score was assigned as: 
 
 Roads with no social problems (classified under ‘Nil’) with score 1.0. 
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 Roads with < 25% of its length with settlements, but has Right of way (RoW) for improvement and with no 
sensitive structures within the RoW  (classified under ‘Medium type’) with score 0.5 and  
 Heavily built up sections with limited space for improvement (classified under ‘High’) score 0.0. 
8. Composite Index 
A composite index derived from the individual indices described above.  District wise analysis has been 
resorted for regional balance. All districts together, a matrix of size 143 X 7 is developed.  A composite index 
was worked out for each of the road stretches as follows: 
 
Composite Index = (I1 x W1) + (I2 x W2) + …….+  (I7 x W7)                                                                              (1) 
 
 where, 
            I1 = Growth priority index  
            W1 = Weightage for growth priority index 
            I7 = Environmental & Social Index and 
           W7 = Weightage for Environmental & Social Index 
 
The scores and weights were developed according to established techniques. A number of permutations and 
combinations were attempted to assign appropriate weightages for the different indices explained above.  
Information derived from literature review was also employed to get an idea on the applicable weightages.  By 
doing so, it has been observed that the value of the Composite Index does not vary much with a + or – five 
percent change in the weightages to alter the selection priority.   The combination of the weightages tried and the 
recommended one is given in Table 1. 
 
Table 1: Selection of Weightages for the Indices 
Index Combination 1 Combination 2 Combination 3 (recommended) 
Growth priority index 15% 25% 20% 
Road utilisation index 20% 15% 20% 
Connectivity Index 10% 15% 15% 
Accessibility Index 20% 15% 15% 
Backwardness Index 10% 10% 10% 
Commercial vehicle density index 15% 10% 10% 
Environmental and social index 10% 10% 10% 
Total 100% 100% 100% 
 
With the above method, each road was assigned a composite index.  Based on the composite index, a 
frequency distribution of the roads was prepared district- wise and the mean value of this distribution formed the 
basis of the selection. Roads having composite index above the mean value was selected for improvement, ie; 62 
roads (1200kms) including 29 SHs and 33MDRs. Frequency distribution map prepared for one district is 
presented in Figure 4. 
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Fig.4: Frequency distribution map of one district 
9. Implementation Phasing & Packaging  
The prioritized corridors were phased in the following manner for the project implementation:  
 
 Group 1: Rehabilitation. This relate to strengthening/reconstruction/improvements to structures/road 
furniture, and is decided based on the existing road condition, structures and geometry 
 Group 2: Up- gradation. Capacity augmentation, restricting mostly within the available right of way or with 
minimum land acquisition at selected locations. 
 Group 3: Widening.  Capacity augmentation by recommending additional land acquisition. 
 
Implementation phasing is based on (V/C) ratio. Roads having (V/C) ratio < 1 are recommended for 
rehabilitation (550 kms). (V/C) ratio > 1 is recommended either for upgradation or widening based on the extent 
of land requirement (650kms). Economic and financial analysis was carried out for individual road stretches 
depending on the type of improvement. This included estimation of Economic Internal Rate of Return (EIRR) 
and Net Present Value (ENPV) and Financial Internal Rate of Return (FIRR). Finalization of the contract 
packages for implementation was also part of the work scope.  It was recommended that two types of contract 
packaging strategies could be evolved, one based on the economic returns and the other based on the geographic 
spread.  The first one bundled road stretches spread across the entire state into a contract package mainly on the 
economic benefit.  This approach even though gave importance to the community benefits, but proved inefficient 
from the execution point of view and hence dropped.   Contract packaging based on “geographical location” was 
found to be more rational as it gives more flexibility to the executing agency.  This could also help in framing a 
short span of construction period.  Contiguous stretches are grouped together to the extent possible and district -
wise road selection finalized which resulted in three contract packages. This coincided with the three 
administrative circle boundaries of the implementing road agency. Packages falling in the first group i.e. which 
does not require land acquisition, was included in Phase I. Suitable funding options was also recommended for 
each package. 
10. Conclusion 
Transport investments are usually long lasting, practically irreversible and costly; decision makers require 
reliable and logical appraisal methods. Hence a scientific prioritisation technique was employed in the study to 
ensure the road investments undertaken are significant and most effective utilisation of resources. The composite 
index comprising of seven different indices helped in identifying the priority roads that will result in better road 
network system as a whole and are vital in the socio-economic growth of the region. While growth priority index 
reflects linkages to the settlements and towns, Connectivity Index relates interstate/inter district and terminals/ 
stations connectivity. Accessibility to industry/fishing/agriculture/tourist/religious/heritage places as well as 
connectivity to economically backward areas was captured in accessibility and backward indices respectively.  
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Road utilization in terms of traffic intensity and share of commercial vehicles reflect the economy of the region. 
The difficulties during implementation are covered as part of the environmental and social indices. This 
prioritisation approach and the suggested phasing of the projects facilitated the decision makers to shortlist the 
most important roads from a large road network and to quantify the extent of improvements. Considering the 
strategic importance of identified road sections, improvement interventions and their positive feasibility results, 
the project implementation has become a necessity to the state road network. The screening process, phasing and 
packaging of the road stretches helped the decision makers in arriving at a rational approach on the project 
selection as well as the optimal utilization of the limited resources. Government could easily get public 
acceptance on the transparent and methodological project selection process discussed above.  Phase I packages 
are under implementation. 
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